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(54) WAVELENGTH CONVERSION DEVICE 

(57)Abstract 

PURPOSE: To enable good phase matching and to improve the 
efficiency of conversion from a basic wave to a second harmonic 
wave by forming a channel type waveguide in such a manner that its 
channel part has the width approximately inversely proportional to 
its thickness. 

CONSTITUTION: This wavelength conversion device is produced by 
using a wafer deposited with a nonlinear optical crystalline film 2 of 
KNb03 (potassium niobate) on the surface of an MgO substrate 1 . 
The film thickness between both ends (a) and (b) of this KNb03 film 
2 changes linearly. The channel type waveguide layer 3 consisting of 
the nonlinear optical single crystal of the KNb03 formed by dry 
etching, etc., has the ridge type channel part 3a in the central part 
on the surface of the MgO substrate 1 and is formed with flat parts 
3b with the thickness thinner than the thickness of the channel part 
on both sides thereof. The width of the channel part 3a is obtd. by 
calculating the phase matching width at both ends (a), (b) of the 
channel part 3a and the width between both ends (a) and (b) is 
linearly changed. 
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*»^3t^»S*ffil^TS2iBH» (SH 
tt) t«£S««K«jlMC«^T. +»3^*iffi«E 
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[0 0 0 1 ] 

i Po/P. = C («) 

HCIT. Aj3tt^:SC (2) TS$tl5. 



[0 0 0 2] 

[0 0 0 3] «Kfint-U>h5t€:SSirffi^:LT, 
10 #«Jg^#«»€:fflUiT»2KPIife (SHS) 

So 

[0 0 0 4] tC5t, ttSSMM£*lriT. S#fe 

©mp > tmmtiKD&mp o<o it (i) r-^^n 

So 

* [0 0 0 5] 

XP,XL 2 Xs inc 2 (AJ3XL/2) ••• (1) 
^ [0 0 0 6] 



A /3 = j3 0 - 2 /3i=2 7tX ( n i - n 0 ) /A 
nitt»**K:»-r*JB*f*, n 0 l**2«««K:» 

[0007] mfS: (i) tmr^: (2) *6W5ct5i:, 

»*ttM«««fc*5tr*T* !£2iiSiE&f££ (SHG) 

ttoffiinmstt o a*** < &s ± o \zn u**©*- h 

raT&ffiS^ (A 0 = 0) £-&5&K*<&*. IP^. Hfl 
*«4:KIHSfc#r b < r S C t ^Ic^T 

So 

[ 0 0 0 8 ] IM£JB3K¥»A*t. Hl4i:*t«t5&X 
tt^r&J^fflSf^ (AiRX) KtfZM^AoJBVf* (AM 
Z) *teo#*»tt (WBff) ^^t**SMeit 
&S«^, H^aj&ta&gttb^Sfi? AGD^frCDA 

KSfclWWftOKfi^^SCt^Tf^. tot, 40 

[0009] 0ra©jfts$»^nsfi» 
wis? 1 * >*;hu*jm&ich i;a«&**iaa)ttjHE«* 

BttcfcD/MKfc. *[BM^«»Sfttv^. HI 5 
(a) RtfHH (b) 

[0010] Bf. 1 0 1 tt«^.tfMgOIKT*0. 50 



• • • (2) 

y^»Oft>*iHl 0 2 aStA, -£-tf>i^{IJ£:e:n 
<fcD*>JP£<©»l>¥SBSl 0 2 b, 10 2bi:U:#S 
MAtfKNbOs A) rt> 

6Ss^t>*;n»»Bi i o 2*«$nti^c 

ffl. &K 1 0 1 ttffiffi^* >*;HM»ft!SJB 1 0 2 Kit 

[0011] fit, S«l 0 3ttffi8B^*>*^aB 
1 0 2 a<0-;£CDMBf;:A#2n. £«SnfcSB 2 iSIB 
1 0 4^'C©ft>^Wl 0 2 aOW^SW^ 

matins. 

[0 0 12] C^t, ^>*;UgBl 0 2 aCDiP^T 
R, ^t>*;i/«10 2a©8SBD, ^r>*;uasi 

0 2a <0«W, KCPF&fli 102b, 102b (DJmZhT 
F«S*iftl 0 3£ii5I!&l 0 4COffifflS^fTXSct 

5 tc, hp^s*s i o 3 tmm®. i o 4 tdttr 

[0 0 13] »Sjftfi3E««K©«ja'tt«^«JEtT©«' 

tcff^nso 

[0 0 14] SfcJK:, SSI 0 l±lCj»E*||»***f 
»fr&J!i:a»itt*»xK^*S/ir;W* (LPES) , 

1 0 2 atCtflSTSBBSHCA h^-f 

igui02b, io2b*»«nt»i:ft>*;n 

1 0 2 a^MlT^^n^, 
[0 0 15] Lft>Ltt#<&. 0 1 
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[0 0 16] MIC, »|©*fttLT, #»»***m*» 

A/3te#5S; (3) Kgl^n^o „ 

[0017] 

A /3 = 0 i- 2 0 O + 2 tc/A • • - (3) 10 

il<0«£\ -J&ICA0-2 */A=0 

^> 0 cct, A«Haia5t*«fft*fl:<oi«wfiT*s. 

[0 0 18] Se^T, :©Jte^fflt^^STIt A/3 
- 2 7c/A=Oi:ttSct'5Jc:«SBA*K«TSCt^J: 

[00 19] C©J:5IC*»WttlC«WW*ft«»A'r 

sn-ct**. m 6 

*20 

A/2= (2m+l) /4X2A/ (n 0 -n,) 



* [0 0 2 0] i + . 111 tefi&JAff L i T a O a #m» 

**isa*«Tft«. i 1 2\*mzsmi 1 1031®* 

««©^^>*;HBT, L i (U?">A> *<H (**) 

[0 0 2 1] fit, 113, 113, • • teffiKfiffi 
l l lOSi^l^SSSl l l 

[0 0 2 2] CCDg^Tte, HJHWfc#«JE«£*»KL 

<brkhj»a£#:5£ (4) ssss-rsiofcsa^-r^c 

[0 0 2 3] 



(4) 



ft^LT^S. A/3-2 7z/A=0&m&'tZ><D 
\t. (4) SC4»Tm=0tft-5«l'&T*S^ m*«0et 

[0 0 2 4] «¥»ttKHJBW*<fc*»AL*:M 

Applied Physics Lette 30 
r s, Vol. 2 6, No. 7, 1, April, 19 
750p 3 7 5 — p 3 7 7 i:Ef$nt^4. 
[0 0 2 5] jEfC *«^5fc¥»»^6?a:S««[B^« 

[0 0 2 6] Lft*Lttftf&. #JB^*«fBf*^fiE*« 

Lft< ttO * «ltt»*Mi:BT«t^o3tllW# 

^T&O, ^ 0 J; ^ ^ o ^ii^^Smm- 

[0 0 2 7 ] ±fl>Lfc£5lC, t^T 
!SI2ifi&ii& (SHtt) *«**1i-SflE*fl!)»fi««*« 

sa*ft»e c t^-esft^o fc. 

[0 0 2 8] 

M««E«*«« , r*c:fc*B»fr*. so 



[0 0 2 9] 

mmfc&tfrzm&zn, rw«b«ji!^t»*«*>s 

*2jKW«*aS*S'ti:Sttfi««K«^*^T* IS^-v 

[0 0 3 0] *XH0>M®ttftS£8Btt. SSi> tt 

e>«ricSn, BE»ftB«rffllr»TS**^6JB2KWiftft 
5B*S^ttft*««BK*5t>T, KWttB£WttttX 

rs*H»tt«*w»B*KB+t-t<o»«Bfi*rsi»ce 

[0 0 3 1] 

3e*»»)^6tt*?-^>*^i!»atB^6«j«*n. k 
[0032] a=fc, Sffit, #M*»3t¥»»^stt*w 
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[0 0 3 3] 

[0 0 3 4] mi (a) «MgOSKl ?>-aMT&£ 
(110) I±CKNb0 3 (— *^B*U»>A) #RB 
*^<SSM2S:SSfflxe^*S/-v;^fift (LPE 
ffi) K«fc0it«Lfc«^<D*XACDWffiBT**. ZL<D 

OKtt) (fi£LL=l 0mm) KiBo 

?nTa = 2. 3 0um, Tb = 2. 4 2/imT, PS 

[0 0 3 5] Bl (b) teJffStfXASrffi^TfPKLfc 

»fi8ft8fi©±iBT»o, si (c) \zmm (b) 

[0 0 3 6] Ull (b) RtfHl (c) + , 3(iKNb 

T% mJfSM g OSS 1 (110) ffi±<Z) 

4>*ffltCU >*)l%&3 a** A, -£-0>Mffl* 

[0 0 3 7] S*8©iftS^0. 8 8 m mCDig^C&ffl 
m&tfftx.Z><kv\Z. fl»E^^>*;PSf3 att. Sat 
0>«RWatf4. 0 2 jLtm, «BbTOiBWb^3. 86/x 
mT, Wa, bPflT<D«ttSjBMtC«fl:-rs«k'5^K 
^$n, ¥*Hfl8 3 b©JP*tt7cW?XA©KNb 

O3«l2<0fltff«fc0 0. 3 0/*m/jN$<l»£S*lT^ 

So 

[0 0 3 8] uCT, MB'Jy^»ft>*;HIS3aO 

<z>^*>*;P8R3 a^femsKJilwtc^b-rso-e, ^ 

t>^;l/gf3a0M^a, b "e©ffifflS^B^W-»*C J: 
t)», KBMa, bH©^r>^88 3 atOfittfiSW 

[0 0 3 9] lffifE^*>*;l^»Rft/i3te* ffiSM 1 * 
>*^W3 atC#&T<SUv*X h;^->K*tfi;- 

tt«KJ:DffiB9XA©KNbOslK2±IC»jSU K 

tcJ; 0^*1^X^883 b, 3 b*»rt«t*i:U * 

[0 0 4 0] **»«<0i6fi«««B<t. 7*>*)m 

v>mm&m3. 9 4 Mmfc-«T**antt**iK«£ 

Ht:T»^lttt«©jRfia«l6»<fc©iaLfi0. 8 8 Mm 
g0. 8 8 nm(Z)7fc£m*T£7fctfg£LT, 



(4) M?6- 6 7 2 3 5 

6 

gCOX h >*)l&<Dffiffi(Dm&T a = 

2. 3 0 Mm<h^iPTb = 2. 4 2 0 m*>+|«* tofc 
{12. 3 6/imi:»«bTKSLfc. 
[0 04 1] o<D®l£cDifeJ£te, *HJfiW<0«B^Jt« 

McBgBl;: Jt^TW 4 «o*aiaM5-c* o fco 

[0 0 4 2] K\ZW, 2 ftftfflO U *y SWiROttftClfttt 
BICOI^TKWT*. 

[0 0 4 3] i2 ( a ) teM g OSS 1 1 £>-£®T& 
10 S (110) ffi±rCKNbOs#«»**»»Bll 2£ 
X/V^U >^ffi{Cct Oltttbfc^^O^X/NO^rMm 
T**. ^©KNbOaKl 2®MJPH£&. ttSSEIH 
Sfi£Lfc«^<B»R&fi:£r6j (I$LL = 1 0mm) 
£»r>TfTt>fc. KBR^ttaat 
^bWlf^n^nTa = 2. 2 7 Mm, Tb = 
2. 3 1 /zmt, PS^a, b 0>**<DIBJSa<T c = 
2. 3 6/imT^^RW«t^ofeo 

[0 0 4 4] 02 (b) teJRS^XAfcffl^TflMSLfc 

20 [0 04 5] B2 (b) 1 3tt#*»3fr9MUMlK 
N b 0 3 ^6^§f t >^SSaSit, ttXfill 
CO— *ffiT&£> (110) H±rcBEBf+*WC'J 
5P^>*;i/g&l 3 a£flg;L, ^(Oi^ffiiJ^iincfcO *>JP2 
3 b, 13bTl8^nW5o 
[0 04 6] S*Mg^0. 8 8 Mmtl/i^l: 

tacffl«E-&^fTA«><fco^. ftrffs^>*ji/g&i 3 a a, 

S8aX(Di|@Wa^4. 0 5/zrru «bTOBWb^4. 
OUmt, t*cf4BWc*3. 9 2 ttmtUZ><k? 

30 fetsti. Wl3b, 1 3 b<DJ**tt7cto^x 

AflOKN b Oslfi 1 2 (DHfiJpJ: 0 0. 3 0 *tm'h£<R 

a©iBfeSl*«5«trafilJc^ f>7^f^U y^W? 1 

WUBlcRftLfc. 
[0 0 4 7] #^jfiM©ftfiX«8B<BifcS0. 8 8m 

40 [0 0 4 8] C<Z>M£0>»*. *H««©8Btt±BBK 
NbOsil 2©±B3,fia, b, c T<Z>l8iJP<7>¥*J<I 
2. 3 1 Mm<7)Kfftw45t>T*iffiSE'&"rs— 5£«4. 0 

ft«ltttMa)tkftX«ttBK:it^T»3. sfgx&o 

[0 0 4 9] COcfc^lcSSl. fB2*JBWTtt, MIK 
50 T» iS4:tt^6XMttS^*J:<X«T*a. 
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[0 0 5 0] ZCX. J?*<DSfc£^*>*^S<B4@ 

[oo5i] ±10^1, mz&mm-eizr+y* 

;US!3fc«ttK£'J *5>#l»£Lfcttft**«BKtH>T 

KNb0 3 , ^LTSIKfcMgOlCfg^nSCttifc 

[0 0 5 2 ] »3^1fi«^OtiT^<D»fflH$# 

[0 0 5 3] i3t, 2 1 teWAtfL i Nb0 3 (— * 
r/R'J^A) SffiTf. 5^*1 0 m 

m, i3-5/imT$>l)o 2 2 teffiiEStS 2 1 co^H^ 

Tf, L i OJ5P^A) *«H (**) lC®#l£nTL IN 
b0 3 KJt^TKH»*tC:&oTtr>5. 
[0 0 5 4] mfieS«2 lflD*A»««IBMtt, 

2 2 ^m«LT«A«fi«HC«iB5Wtil[*«*"r-S5Ht 
(h7>^- It) 2 3 3&«*»»«»CctOH 

2 2rt**«Kfi*iPi^e«-rs. 

[0 0 5 5] tbt, aaiEStR 2 1 a)5tm#*«3Hffi<Z>^ 
*>*»«2 2©WBMCtt, »ffi#tttt**E»LT*»E 
3fcAaf«lCR*<DftW<fca£>fc:. H*.tf7^*F*#W 

[0 0 5 6] *SlMT1iS*S(!:lTTM- like 

tit, mmmfoif&mizttLTmmzmmTz>$imzi& 

[0 0 5 7 ] f IT, «*iftfiJESI«lt*H4!CSr3t 

[0 0 5 8] IP*. Mffi#tt&fg£g®2 3£fMSU 

1f««^6a»Lfc»«8 3 0 nmOU-lf* (S* 
St) *U>X2 SKcfcOflrSSkft^aSBO^V*^ 
«2 2£*3t, AMl^Co f IT» ffiESffi»tt&0)HI 
«E»f SrlGHz«iSJCHfiLfc«r, inffE^* >*>^g& 

2 2^6Ki«ifijc*a$n&^t>feu-if3t*i»*"rs 

7-01^-2 6^lTi^g4 1 5 nmCDTfc (312 AH 

tt) &&&\ztt'<xnti8imtz9Lomitit. 

[0 0 5 9] HE*«*U-lf*«k:ftAT, K 
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[0 0 6 0] CCDffiJ, iJISfMS4Sl2 3^6%4 
r*«ffi*tt«<0««* f ftft+-HR@MH z ©KUcK 
ftTad&ICfcDiftftO. 5 3Mm©*ta*tJt^T 

[0 0 6 1 ] C(7)ct3(c, s^*ictt«MllT*fc«> 
mmmw&&<Dm$i& f (=v/a> ^iit 

10 B#ftR©lSt, B*±»©*3fc^*>*Jl'«2 2 
\Z$>^T\*$k=fm/&X&2>. 
[0 0 6 2] *C, ^4^WJW^Ti5^ilO 

[0 0 6 3] Cut, ±Eff3ftlKffil&fla:djfttt* 89 

ess 2 i<z>3tAi*«aiffifw^^>*;wa2 2^<dkx 

\Zb. »%Kft>*;«2 2CDH«fclB»LT*ffi# 
tt&£^£T£^tti£^£i£© 2 3,2 3 £&itf tt^lC 

[0 0 6 4] W'&ttftKlftSBTtt. #tti&^^^@2 
3. 2 3*^^>*;W8S2 2 0K«tC|»»LT, BP*^ 

*>*;ua&2 2 «c#*k:3fcAi#*l*iH«;:KW- 6nr^5 
cdt, R3*tt»«e£«fi2 3, 2 3^e»^n-enM$ 

*L ^*Lfc*ffi#ttifi©jftBfftt^^>*JUa52 2WJC 
E*««K:Jt^T2«K:-r*ci:36<-C*S. ftoT. SB 
[0 0 6 5] ^tC, »52£lBMfc:o^TH6£#flflLo 

30 oi^^-r^o sa, »3*jfi«tra-«», x«#j£T3 
[0066] cct, ±m&3mmmt&fcz&i** m 

3^tt«fc43^T»frtT^fc»tti&KiRft2 4, 2 4$: 

&5E£g©2 3<h;tt&lc&iST£Sffi2 lOXtUttlM 
Wtd9Mt«**««2 3SHttfcjflrC*-a. 
[0 0 6 7] »f^KS^«l3Se«, fMMS12 

3, 2 3^sas*-rs*iB5Mt**jeaE*ic"tf**© 

[0 0 6 8] *6*JS«fc^ir>TH7ft#JHUO 
[0 0 6 9] ±E*3*»l0l£R&*jStt. m3^J6^J 

fc*nT*ttiMB*«B 2 3 ttt&]*tz>m<D&& 2 1 © 
[0 0 7 0] Rf«ttAXtt«EBa« ^tt&fg£gia2 1 

50 »a>cfc3fc«iSK:IB6?*. «IBJMt«©«*rtl'>*«MifT 
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[oo7i] #nz. m7 mmm\z^^xms ^ml-d 

3*momz. l i Nbo 3 (-^-y^u^^A) s& 
2 i &&<Dj£m&&zmmLT. sss2 1 &mzw& 

[0 0 7 3] i8t, 28a, 2 8bHSfi2 1±I<D 
-^<£S<M(C^>*Jl^2 2&tfg[^>*;i/gB2 2 

<omm^o. m&LfztKmxm&Lznzm. tj^^zz 
OAm^u^&mmmx. mmmmiz^om^n 

[0074] mz>&m&m%m\*. mmw&m^*> 
*;ua$2 2\H*ttmzfcmrz><Dx*. mmAtf&vmm 
miztzo. mz^mmiz]fc^T&mj}mrf±z<uz>o 
ztz. cvmmxte. ffiFa&$t&'>te<xz, mmum 
commit. &zixh\zxz%£^^fzm&&&z><> 

[0075] ±%zm3-m7^mm\z^isrz£imzhm 
^m^<D^mizw^m±mm^m^xh9J)^^^ 0 
mmcDif&mcDo^T* >*)imzfr&{stzTm 
izmwzm&ib?j)$k&$>z><> z-v>m^te?"r >*)v^n 
&fcm?z&m&&m^±izttmzfcz<DX£o&m 

[oo7 6] fc-g^mmmtisxiz. 9-^>^ji 
mm&txnnm* nm^o) *> <d \zmm x % z> „ 
[0077] ±m&^mm<D <t oizm&Tn 

g2A«Inm, m$i&&t)mmmX&Z><DX. 

3$ (1) ^^J^^tC, IWl0- 5 (ObWj:f 

it?** z.<Dzhfr£>bmz>j:oiz. um%f<D^m\z£ 
omm(ommm^itr^m^\z^m^(D^tf)^ 
cz>£^rzmmrf&-ofz 0 z.<Dfflmte*£m<Dummm 
^mR<Dmum<DjjmxmiEtf^mx&z>tf. atis; 
(i) +<Dy = s i n c u)mm*m9\z7K-r&?iz : £ 

?Z><DCt\$®MX&Z> 0 Pirn**. gKDigai^ 

(o*xm*:m$:b-D<Dx\ m*m±m (a 3 = 0) t& 
w^uco Lfrbm*&ftmrffttiTz>m*$L cm 

[0 0 7 8] ftoT, ^ffi^^^fTA^ct^iC^^tC 
}fiIET€r&^(DT, S^fe^^>^2iSii&^cO^?>!)^ 



(6) fifi?6 - 6 7 2 3 5 

10 

[0079] :ct, c^g^^^s&^g^r 

[0080] £-r, ^^i^^-r^o ^&&+<z>iispaSt 
<^5is^^flti^ (1) \z&o#&z>c\ttfxzz> 0 m 

Aj3L = 0, 7t, 3k. X\$57z<Om&. 
*(OAW«^6^L(Dfir@tii5P&CD^Sfi0 1 OtC 
TKTcfc^K&So CCT, HI Otett^T^SaU 

10 [0081] c<Dm i of)^n^<ko\z^mijmz^f 
^mm^mf)m±\zr^^v\zummm^ffvct 

o&mo (D&miz&nzmmfc&mcDttmz. 

(l = o^i»<) izjottz>mffi$L&m&*:-9- f &m 

[0 0 8 2] Rf^^ffi^flaaiL/t^l 6(C^f « 

SIHch, HI 2JC*<0«iBIil8SH*ffl^TKWrs. 
ft, HI 6tBI-aB»*fctt»«-r*8B»^ttB-«F# 
^ftto ft, i*tttLTtt, ^WflcU— »f««**m* 
t^)SS8 3 0 nmOI/-1f«ffl^Co 
[0 0 8 3] HI 1 JkZfM 12%*. 30 a. 3 0 b \*m 

30 *8re*£ftfi8 3 o nm0M^7 

31a, 3 1 b&*:n?nffijLfzmZ-!iiy* h^<*- 

tB§§3 0 aliMMl 1 2±ffi<&3%ttl*«K«B;* 
*1T*5 9, ffi*^7fe^tHf§3 0 bte«*tf3tWifc&l 1 
2 ±Sco 3 % A*»*» 3 X 5 x L <Dffi«K:tt«3 
tltl^o Z\ZX. ^M3 0a, 3 0bfJSi6Bl 

1 2<£omnz>7s h-o?yt mmm zfem-tz. 

[0 0 8 4] fit, HI 2*. 32a, 32 b temfH2 
*^ttiS§3 0a, 3 0bTtnfn«Hi$n^S4 1 
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